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SUMMARY 

, 

A n  investigation was conducted i n  the Langley 8-foot tmnsonic  
tunnel to determiqe the flow phenomena, pressure  recovery, and external  

. drag .of a forward-located  underslung a i r  scoop mowited on a basic body 
of revolution with fineness  ratio 11, which when  cut of f  t o  provide 
831 ex i t  f o r  the in te rna l  f l o w  had a f ineness   ra t ia  of 8. The forebody 
was 4 diameters Long and.the minimum i n l e t  &rea was: 17.3 percent of  the 
f ron ta l  area... W t h  the basic' body and the Fnlet body were tes ted  through 
a Mach  number range from 0.6 t o  about 1.1 and an angle-of-attack range 
from Oo to loo. The- i n l e t  model was t es ted  f o r  mass-flow r a t io s  Froin 
about 0.2 t o  the maximu& which would enter   the   in le t .  

Results of the tests showed that the m i n i m u m  external-drag coeffi- 
cients  occurred a t  maximum mass-flow r a t io s  and were about'  equal t o  
those  for  the  basic body for angles of a t tack  t o  10'. In the vici l i i ty  
of the msximum mass-flow ra t io ,  the external-drag~.coefficients were 
approximately  the G a m e  a s ' f o r  an MACA 1-series noee fn l e t   t e s t ed  on a 
similar afterbody: The external  drag increased much more rapidly wtth 
decreasing mass-flow ra t io   than  for  an open-nose inlet ;   the   difference - 
i n  the .   e f fec t  o f  mass. flow on external drag was explained by momentum 
considerations.  Total  pressure  recoveries  exceeded 97- percent  for a l l  
Mach numbers and an&eB of .at tack for  mass-flow r a t io s  f'rom 0.3 t o  
within 5 percent of the maximum and these recoveries'exceeded  those for 
a comparable nose inlet  a t  an angle of a t tack  of loo. Maximum test 
mass-flow ratios were -h, good agreement with those calculated from one- 
dimensional * h r y .  Although  pressure  -distribiitZons  -Indicated  misaline- 
ments of the inlet l i p ,  -no -adverse  effects on the-   ex te rna l  drag a t   h igh  
mass-flow ratios are believed t o  have occurreg. 
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INTRODUCTION."- 

The instrumentation arid armament requlzements of  m i l i m y   a i r c r a f t ,  
f i gh te r  and interceptor-rty-pes in pgr.t;icUr,  frequently  require that 
engine a i r  i n l e t s  be located on the sides o f t h e  f'uselage.  Ihgine- . 

i n s t a l l a t ion  and i n t e rna l - space -u t i l i~ t ion  Bpecifications may lead t o  
the  use o f  e i the r  6ingle:oktwin sir scoops.. No design  selection  data 
are   avai lable  which.are dire.c$iy al?pliCable t o  -fuselage-side air i n l e t s .  
One of  the  important  variables,  external lip shape, has been extensively 
investigated for axial ly '  symmetric a i r  in&ets..and  engbe  .cowlings .and . .  

the  results  reported in references i and 2 fcy low speeds and i n  refer- 
ences 3 and 4 for high .speeds., . ,Direct  application sf these data t o  the 
design o f  a scoop-inlet, ..however, may not-be. :sat isfactory because of the 
l a c k  o f  axial symmetry, the pr-obable -large differences i n  local   angles  
of  at tack, and the   i n t e r f e re .~c~- -e fec t s  at-the lip-fuselage  Fntmsec- . 
t i on .  Resul t6  of such appEcBtion were .%ported in  reference 5 and com- 
pared  with  nose-inlet  data of reference. 1.. . -  

I n  order,   therefore,   to supply much-needed performance information 
concerning. ?hselage-s.ide inlets in the high  subsonic and-  transonic  speed 
range, a-  test .program waE - in i t%ted  in .the &@ey 8-foot  transonic tun- 
ne l   t o   s tudy  the ef fec ts  on fLow phelldmena, pressure-recovery, and drag 
of. some of the more. important-geonietric and aerodynamic variables. In  
order t o  -ascertain the   e f fec ts  of inlet addition, .a solid body was ' 
tested-. . -  

. .  . 

The in le t   se lec .kd , ta r  this investigation.  consists  of a forward- 
located singJ.e midiiri lung . .  skoop momt-ed k8 inches from the  nose of the 
8-inch-diameter body.; The.-minimum inlet area was selected to be about 
17 percent-.of the f'rontai &rea. ThFs selection  corresponds  closely t o  
the  requirements f0.r a. .turbo jet--$owered airplane  designed ..for operation 
a t  an a l t i t ude  af 35j@O;.fee%-an Inlet ,rnass~-flow r a t i o  of about 0.8, 
and a Mach  number of 0.95.. For -the detdls of t h i s  design,  use was .pa& 

o f  data believed applicable  . to the design .of scoops  .contained i n  refer- 
ences  such as 9. and" &. .. 

. .. - . -  - 
" 

.. 

_ .   . "  
. .  

Measurements were m&e!on the basic body of-..the axial- and normal 
forces  together  with  pitchsg-momeqte .- .Press.ure dis-lg-ibutions  on the 
model and tmnel walL also were obtai;ned.  i.wa.6urements on the scoop . 

body. configuration  .included normal force, -@lal.. fmce,  pitching moment, 
pressure  recovery, mass flow, in€&&. drag, and surface  pressures on 
the several"in1et coinporientk. . were obtained for  a Mach number 
range from 0.6 to 1.1 *&id'  a t .  angles of a t t ack  from 0' t o  10'. 
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SYMBOLS 

external-drag  coefficient, 
- .. 

pressure-drag. . .  coefficient,  

scoop  incremental  drag  coefficient, 

r 1 I" 9o - Po + 2 d R  - cos a 

internal-force  coefficient, 
s.'Fn d b  F. 

external l i f t  coefficient,  

3 

external  pitching-moment " coeff ic ient  taken about maximum 
diameter  station, - %I 

qOm 

PV point ,mass-flow coefficient,  - 
Po% 

point internal-force-  coefficient, . 

duct area - 
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B base area : 

Fn internal   force  (posi t ive when thrust ,   negative when 
drag) > "(V3 - vo ) + (P3 - Po)A3 

Ga, Gn; G, strain-gage-measured axial .   force,  normal  force, and 
pftchFng moment - 

H 

E .  

h 

L 

I4 

m 

d m 0  

P 

P 

9 

R 

r 

RN 

V 

a 

. . .  to ta l   p ressqre  . .  

mass-flowiweighted  average total, pressure 

inlet   height  . . 

model iendh,   taken without tail cone 

Mach  number 

mass-flow rate, pVA 

mass-flow r a t io ,  

. . . . . . .  

m 

PoVoA1 

. . .  dtat ic   pressure 

static-press-ure cQefficient,  
- P - P o  

- .. 

s, 

. . . .  .dynamic pressure, $pv' . . - 
. .  

boay maXirm~n radius 

radius . .  

Reynolds number . .  

veloci ty  

angle- a f  attack 

. ,  

. .  

. .  
. . . .  - .  
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e 
;t 

P 

ratio  of  specific  heats,  1.4 

meridian  angle 

mass a i r   d e n s i t y  

Subscripts : 

0 free  stream 

1 ininbum area  near  inlet  

2 I diffiser measurement station 

3 model e x i t  

B model base 

2 l oca l  

P  projection of area of inlet a t  leading edge 

APPARATUS AND MODEIS 
L 

Wind Tunnel  and Model Support 
1 

The Langley  8-foot  transonic  tunnel, in which these tests w e r e  
conducted, has a  dodecagonal s lo t ted   t es t   sec t ion  and permits continuous 
t e s t ing  up to. a Mach number of about 1.1. Details o f  the  test section 
are given in reference 6 ,  and the aerodynamic properties of  the air 
stream are reported in reference 7. 

A sketch of the scoop model mounted i n  the tunnel i s  s h a m  i n  
figure 1 at Oo and 10' angle  of  attack and views of  the basic body and 
the inlet models #are shown mounted In the.tunne1 in figure 2. 

General Arrangement 

I n  o rde r   t o   f ac i l i t a t e   t he  tests, two alternate  af'berbodies were 
used; hereinafter referred to as the "force" and rrpressuretr  afterbodies. 
To insure that the force  data would be free from mechanical  Interference, 
most of the pressure  tubes  required  to  .obtain  pressure  distributions 
and duct  performance were eliminated f r o m  the force  afterbody.  Fig- 

the  pressure  afterbody, and figure 3(b) shows a cutaway sketch of the  
,. we 3(a) i s  a  section view showing details o f  the  sol id  nose mounted on 

- 
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scoop  forebody mounted  on the  force  afterbody.  Figure 3( c )  shows the  
details of  the t a i l  cone  used on the  force  afterbody  with  the  solid 
nose. The afterbodies were constructed  principally o f  sheet aluminum, 
screw and rivet  fastened; whereas the  forebodies,  figure  3(d), were 
constructed o f  multiple  laminations of glass cloth bonded with  phenolic- 
reein  plast ic  . 

The sol id  body shape  selected,  figure 3(a) ,  had a forebody  length 
of  kD and an  afterbody  length  of 7D. From a point on the  body 4 diame- 
ters behind the  maximum, the  body consisted  of a. s t ra ight  cone t o  the 
point o f  body-sting  Fntersection. Wondimensional coordinates  for the 
general  transonic  fuselage  reported i n  reference 8 were used to   ob ta in  
the  8-inch-diameter  basic body, coordinates  for which are given i n  
table I. 

Scoop  Model 

The in l e t  model, shown in figures 2(b) and 3(b) had an  underslung 
scoop, the  leading edge of which w a s  located 4.8. lnches  rearward  of  the 
nose o f  the  forebody.  In  order t o   f a c i l i t a t e   t h e   i n s t a l l a t i o n  of  an 
inlet   located so far forward, the  body nose was raised 0.8 inch (see 
f i g .  4(a) ) . Coordinates for, t h e   e x t e r h l  body shape are given i n  
table 11. 

The i n l e t  area. defined  by  the  plane of the   l ip   l ead ing  edge  and the  
body was about 0 .IgF, whereis  the' minimum area near the inlet was 0 .lT3F. 
Details of t he   i n l e t  shape and l i p   s e c t i o n  are given in figure 4 (a ) .  
Downstream of.   the  ell iptical .   inner  l ip  fairing,  the  duct  area was held 
approximately  constant  for 2.8 inches  (1.2h). The duct  area  then 
increased, as shown- i n  f igure 4(b),  t o  2.2 times the  minimum a t  the 
i n l e t .  Ducting in   the  af terbody was controlled  largely by the  instru-  
mentation  requirements  together  with  provision  for later tests of other 
scoop configurations which w i l l  u t i l i z e  boundary-layer  control  (see 
f ig .  3 ( b ) )  

During t h e   I n i t i a l   t e s t ,   t h e  seams joining  the lower l i p   s e c t i o n   t o  
the  side  sections  of  the i n l e t '  separated and resul ted  in   the loss of t he  
lower lip. After repair it was found that the  l i p  drooped s l igh t ly ,  and 
is indicated  by  the dashed l ines   in   f igure  4(a) . The maximum droop 
occurred at the   ver t ica l   cen ter   l ine ,  was abo.ut 0.10 inch  or  equivalent 
t o  a change i n  l i p   ang le  of about O.kO, and w.86 thought t o  have had no 
s ignif icant   effect  on the results. 
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Instrumentation 

7 

._ 
v 

Force measurements were obtained from a three-component ( ax ia l  
force, normal force, and pitching moment) calibrated  strain-gage  balance 
housed in  the  force  afterbody sh& in the cutaway sketch of figure 3(b) . 
To insure measurement of a l l  internal aerodynamic forces on the balance, 
the   s t ing  and  balance were shielded by the fa i r ing  shown in the figure. 
An electrical   fouling  device was installed  to  detect   fouling behind the 
strain-gage mounting. 

Regulation of the   in te rna l  mss r a t e  of a i r  flow was obtained by a 
remotely  controlled  throttle  valve  (see f ig .  3 ) ,  which consisted of  eight 
radially  located vanes which w e r e  -rotated  about  their midchord i n  alter- 
nately  opposite  directions by a motor-actuated  linkage. Measurement o f  
the   in te rna l  mass rate of air flow and internal  drag was obtained with 
the   a id  of a cruciform  exit rake of s t a t i c -  and total-pressure  tubes 
shown in figures 3( b) and 5( a) . hnud roxation' crf the  rake on t he   s t i ng  
permitted surveys of t he  J e t .  flow. Rakes locate& in  the  ducting a t  the 
front of  the  pressure  afterbody,  station 32, enabled  the  determination 
of the in te rmi l   to ta l -  and . s ta t ic -pressure .   recomy  ( see   f igs .  3(a) 
and 5(b) ) ,  and permitted a numerical check on the accuracy of the mass- 
f l o w  measurements at the exit s ta t ion .  Rakes o f .   t o t a l -  and stat5.c- 
pressure  tubes also were mounted in   the   d i f fuser  of  the force  afterbody 
t o  assist . .  4 se t t i ng  the mass-flow rate  (see f ig s .  3(b) and 5 ( c ) ) .  

- /  

Measurements were made of the  surface-static  pressures on both 
models. On the   so l id  nose; f ive  radfally  located rows of or i f ices  were 
installed  (see tab le  111). On the scoop  forebody, measurements were made 
on the  top,   the v p ,  the  gutter,   the  outside of  "the l i p ,  and the   inside 
of t he   l i p   ( s ee  table IT) . Pressures  within  the  sting fairiw were 
measured w i t h  the a i d  of a static-pressure  tube  located in  the   t h ro t t l e  
motor w e l l  ( see   f ig .  3( a) ) . Measurement6 of the.  .tunnel-wall  statlc  pres- 
sures were obtained on a line 30° from the   top center l i ne  (-el 11, 
ref. 7) . 

A 1 1  pressure data were recorded  photographically from multiple-tube 
manometers f i l l e d  w i t h  tetrabromoethane.  Force  data were manually 
recorded  from sensi t ive d i a l  potentiometers and tunnel  total   temperatures 
were obtained from recording  mlllivoltmeters, Flow visual izat ion  in  the 
v ic in i ty  of the  models was obtained in the form of schlieren  shotographs. 

TESTS AND METHODS 

Tests 

For a l l  the tests, the model nose was located  approximately 37 inches 
downstream of the  tunnel   s lot   or igin.  Force  and pressure data were 
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obtained "for.. Mach num&rs 
about 1.1, and for. angles 
For the solid model,. data 
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. .  

f&m. &bout 0.6' t o  the maximum o b t a i n a b l w  
of *attack o f  Oo and about Lo, 70, and 100. 
were obtained  wfth and without  the t a i l  cone. 

. -  

Far the i n l e t  mode-l,. the ~ S S - f l W ,  ratio was varied from about 0.2 . .  . 

( th ro t t l e   c lo sed )   t o  the maxi- which would. pass through the inle- t ,  
The range a f  t e s t  Reynolds numbers i s  shown i n  figure 6 .  

Reduction-'of Data . .  

. - -  . -  .. . -  
". . - -. 

Utilization. of c a ~ d  pun>.tetype cornpitin@; machinery greatly facili- 
tated the"reduction  of .data t o  "pofpt!' values i n  the  case of m&~3s-flow 
and in t eml - fo rce   coe f f i c ikn te .  The following tw6 r e l a t i ~ n e  were  used: 

I 

I 

. .  - 

The - mch number fhnctione ,& -bracket.s were 
cards as functions of . plZ3 for use by the 

" - 

"3 - Po 
s, 

tabulated on a 
computers. 

se t -u f  

. . .  

(2) 

master 
. -  

. - . . -  

Mass -flow-weight_e_d. _qverqge tqtd-pressure Vtios were ca l cu la t ed  
numerically utilizing po-int vahes of 'c' from the  re la t ion:  

I 
. .  

.. . . 

MechanEcal .and numeriC+I.-.&Wp'Etions o f  . t h i s  relatian i n d l c a t d  maximum 
differences of 2OrOO3; C6blpiiri60Xs -of mass. fIow- determined from measure- 
ments a t  the 32-inch station &id the 6 4 - i k h  s t a t ion  showed agreement 

. . .  . 

. .  
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within *O .01. The accuracy of the  data i s  believed t o  be  approldmately 
as  indicated: 

p / ~ ,  and E/% . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.002 

'0.01 
m/mo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MJ to.006 

CLmeamred,deg . . . . . . . . . . . . . . . . . . . . . . . .  t0.l . . 
". . .  . _  .- . .  

Except for   the wind-tunnel-wall effects ,  which w i l l  be.discussed  later,  
the  force data are believed t o   l i e   w i t h i n   t h e  following l imits :  

- De 
cL 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

" . -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

to .  01 
fo  .01 
20.02 

Included in the estimated ,errors of  mass-flow r a t i o  -and internal-force 
coefficient are those which. resulted from-  leakage  into  the  sting  fairing 
and which were determined from static tests. The second-+der  effect  
resul t ing from- use of. cos a . as a dFag force has bee neglected. 

Effects of  st ing  interference  are  believed  negligible.  

RESULTS AND DISCUSSION 

Presentation of  the r e s u l t s  of these tests has been divided  irito 
two principal p a r t s :  . the f i rs t   consis ts   of   considerat ion of the  aero- 
dynamf-c character is t ics  of  the  flow about  the  basic-body and the  second, 
of the aerodynamic characteri .st ics of the  external  and in te rna l  flow 
about and within the inlet body. 

It was reported  in  reference 9 that the drag o f  bodies of revolution 
as   large as 8 inches  diameter a t  an  angle of attack  of 0' fn the  Langley 
8-foot  transonic ttCnnel was-not significantly  affected  by t h e 1  boundary 
interference  for  subsonic Mach numbers and probably  not a t  Mo M 1.10, 
a t  which the.  reflection.  of..the. bow shock ff-om the  bo-undary occurred  near 
the m a x i m u m  body diameter. .The effects  of  the  tunnel  walls on drag as 
w e l l  as lift and pitching moment for  such a large e e l  a t  angles of 
attack  other  than zero, however, were not  determined. To study some of 
the ef fec ts  of  angle-of  attack on the  results.  of the present tests, wall  
Mach numbers along  an upper p n e l  and Wdel  surface"ach numbers along 
the  top row of or i f ices  were plot ted for: the four test angles of a t tack,  
and comparisons  of the wall dist r ibut ions w e r e  made -for  the  tunnel-empty 
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condition. A t  subsonic speeds, model-induced wal l -measured  disturbances 
for   the   so l id  model.  .anx.t&e hilet- model at intermediate and high mass- 
f l o w  r a t io s  were of similar magni;tude t o  those  -pr ted. in   reference g,... 
and angle of'-attack - d i d  not  cause  appreciable. changes,. A t  supersonic 
speeds,  shock  reflect-ions-from  the  tunnel  boundaries ;may have caused the 
drag t o  dlffer   appreciably from- that in  free a i r  and tJx ref lect ion pat= 
t e rn  became unsymmetricaI.at  angles of a t tack  o t h e r  -than  zero. - The bow- 
wave location and sbpe, f igure 7, an-d the  ref lect ion  pat terns  were 
essent ia l ly   s imilar   . for  the lnletLbody at the higher mass-flow ratios 
and the basic body, so that comparisons  should afford-a  reasonably  accu- 
rate .indFca;t-ion of the drag increment-. -The accuracy of . this  drag  incre- 
ment should improve somewhatwith  increa.ses i n  Mach  number as t he  
ref lected shock move6 back b e h M   t h e  maximum diameter. 

. .. ".. 

. . - . .  

I__. . .  

: 3.- 
.- 

x- .- 

. . _. . .  

. . . 

The. magnitude2 -or ~ I E  . e f ~ = c t s  o f  &,,fi1y .o&n tunnel.  boundaries on 
lift .and pitching moment are not. readily  determined. I t  is obvious, 
however, that comparisons of  dqta for .the  ducted modeL..-and sol id .  model- 
are v a l i d .  for. those case% where-in t h e - f l o w  . f i e l d s  a few diameters away 
are   -essent ia l ly   ident ica l .  

. , .. . " - ." 
. .  - 

. ._ -* 
. .  .- . 

.. . 

.. . . 

Basic Body 
. . .  . 

Surface  pressure.  diiltributions. - Press&  distributione  along  the 
.. . 

top  center line of the basic body 3 Oo) are shown 0' and I O o  - ," 
angle  of  at tack  in figure 8; also ~hom are d is t r iba t lons  a t  a = Oo 
for  the  basic body without t a i l  .cone.  1rregulariti:es in .   the   d i s t r ibu-  
t ions  resul ted  pr imari ly  from c.&struct=ionai defects and are traceable 
through  the Mach  number range and f o r  both  angles of at tack.  A s imilar  
result was shown in  reference - 9  i n  which local '   surface  i r regular i t ies  
were presented -as supporMmrig evidence. . . . . . . . . . . . . The general effect: of  increksing 
Mach number.was t o  Fncrease...the . percent  of  the  total  body Load carried 
by the forebody, a . resu l twhich  applies for  bo th  angles  of-   at tack. 

. 

The general. effect of  increasing  .the  .angle o f  a t tack  wa.5 t o  cause 
large  decreasgs in . the  locgl  pressures and correspondfng  changes i n  
'on the  top-:-of the-forebody and Smal i  increases.  in  the  pressures  over 
the  top of .the afterbody.  fi'essure r covery a t  a = loo over  the after- 
body was nearly as great-. at  a = 0 , and indicates. that separation on 
the  t a i l '  cone probably was not  extensive. Although not presented,  pres- 
sure  distributions -on the  sides and .bottom support this hel le f .  There- 
fore,  wall-reflected-disturbances  are-beli.eved t o  have affected  only  the 
pressure  drag  of . the afterbody. 

dX 

8 

. . . . . . . 

. . "  

Drag.--_Ekt,eraal drag of the   bas ic .  body .configuration  with and with- 
out-tail   cme C O R S i S t %  of the base p r e s s u r e . f a r c e . , - c o r r e c ~  t o  free- 

. stream stat ic   pressure,   a lgebraical ly  Ebdded %o-€he measured drag;  thus, 
external   drag ' is  the sum of  the-gage-pressure and viscous..forces  acting . 

on the  body surface .to- t h e  point  at whfch;. t& body was cut off. 
Ext-ernal-drag  coefBcients !toge&r wi.th the  base-force  cakfflcients-. 

. .  . 

. - . " . . 
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for   the  model with t a i l  cone have been plotted as. .a function of stream Mach 

are curves for, angles  of  attac& at 0' and 4' w i t h   t h e   t a i l  cone removed. 
u number f o r  the four tes t  angles   of   a t tack-in-   f igure E. also i n   t h e  figure 

w The variation of drag OF the  basic body with Mach number a t  Oo is 
" - 

essent ia l ly  the same as that reported in reference 9 .  Fixing  the  tran- 
s i t i on  6.4 inches f r o m  the nose was shown by  figure -A3 of  reference 9 
(a l te rna te  model). t o  give no substantla1  drag  increase; an indication 
that the  flaw was p rac t i ca l ly   a l l   t u rbu len t  anyway. Increasing. t l e  
angle of a t t a c k   t o  .bo- d id  not result i n  any signff icant  change in   t he  
external drag throughout  the Mach number -range ( f i g .  9( a )  ) . For  angles 
of a t tack  of  about 70 and loo, subetantial  drag  increases did occur a t  
a l l  Mach numbers; a t  a = 10.6' and do =. 0.60, the  increase  over  the 
a = 0' value amounted t o  about 0.05. ' 

Removing the t a i l  cone resulted in considerable  Fncreases  in  the 
measured bslance  force  coefficient, figure g (b ) .  The differences In 
the measured f o r c e   c o e f f k i e n t s   a t  the top  of  the  f igure.are  approxi- 
mately the pressure  drag  of the t a i l  cone shown i n  the middle p lo t .  I n  
the  bottom plot  of the figure, .the  external  drag  of  the model without 
t a i l  cone but  corrected  for  the  effect  of taii-cone  addition  hy alge- 
braic  addition  of the pressure  drag  of  the t a i l  cone alone is compared 
with  the  basic body; the agreement is seen   t o  be excellent.  

L 
L i f t  and pitching; moment. - The var ia t ion of  lift and pitching- 

moment coefficients as functions of stream Mach num5er' i s  sham i n  
figure 10. Portions of these data have  been replotted in figure 11 on 
which have been fncluded  curves showing the variation  with  angle  of 
a t tack  of the l i f t  and 'pitching-moment coefficients  calculated  according 
t o  the method o f  reference 10. The calculated normal-force-coefficient 
curve was assumed t o  be equa l   t o  the lift force  for  these l o w  angles. 
The agreement  between the  test values and the  ca,lcuhted  curve is ,con- 
sidered good. F'ailure of.  the pitching moment-. t o  achieve anywhere near 
the   theore t ica l  value -for a z loo probably  resultgd from boundary- 
layer  separation of a duferent   fora   than  that assumed by the  theory. 

" 

Underslung Scoop Model 

Flow in to  the,  i n l e t  .- Study of the   character is t ics  of the flow into.  
the   in le t  was rendered  possible  by measurement of surface static pres- 
sures a t  the lateral plane of symmetry on the approach r a q  and inner 
wall of di f fuser   ( see   f igs .  12 t o  15) and on the  inside  of the f n l e t   l i p  
(see f i g .  16) .  Additional  infonugtion was obtained..of the flow f i e l d  
by means o f  the   schl ieren-  photographs, figure .7. T& flow along ' the 
ramp in to   t he   i n l e t  is characterized by three distinguishing  features.  
These features are i l l u s t r a t ed  a t  a = Qo in figure 12(a) as :  (1) con- - 
t inuously  accelerating flow into -the duct, --= 1.18; (2) rapidly m 

mO 
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accelerat ing flow 0% the- .fore.  section foll&ed by- a region  of  deceler? 
a t i o r n e a r  the i n l e t  and  which"then  reaccelerated as it approached the 
m i n i m u m  area sp-0.-12., = 0.89; and (3 )  &pia in i t ia l  accelerat ion 
fiilowed  by a general  decelerating  flow, 2- = 0.24. 

. .  

mo 
mo 

Continuously  accelerating flows occurred only a t  low stream Mach 
numbers where the Idis;ximum mass r a t e  o f  a i r  flow . into the i n l e t  was con- 
siderably greater than  the flow i n  the  stream per unit area ($ > 1.0) 
M, = 0.60 and -0.80. For these .cas'es, the s ta -gna t ion   f ie ld   o f the  
i n l e t  l i p  moved 'welf below and  around the  outaide of the leading edge; 
t h i s  decelemted f i e l d ,  %here?ore, d i d  not  kuportantly  affect- the f l o w  
a t  the ramp surface; The- l i p  in this case may be visualized as an air- 
f o i l  operating. a t .  &-.negative  angle of attack, No d i f f i c u l t i e s  may be 
anticipat-ed from the. boundary layer, a t  Least t o   t h e  minimum area sta- 
t i on  a t  the  plane of  symmetry . . .. . - . . .... bo.rg6.trea.m Qf the  Fn1e.t; wi th in  the  duct,  
the f1ow"continued 60 acce lera te   to   the   e f fec t ive  minimum area (5 z 0.12) 
where sonic speeds were reached. Because o f t h e a b i l i t y  in t h i s  model 
t o  reduce  the back pressure  further,.relalxLvely  large  supersonic  veloc- . 

itiest r e s u l t e d  and were accdmpained  .by a system of strong shocks in  the 
d i f fuser .  The ex i sgnce  of these  shocks,  of  course,  accounted  for the 
poor .   s t a t i c  >pressure recovery  for a l l  'chocked cases  (see  f ig.  12) . 

KLowd having twt3 regions 0.f acceleration  occurred  for  intermediate- 
mass-flow ra t io s ,  0.75 < a 5 1.0, a t  a l i  stream Mach. numbers and angles 

of a t tack.  . Following an initial  acceleration  corresponding  approximately 
to that on the basic body, the  flow decelerated from the ramp pressures 
t o  .meet- the entrance  .corlditions arid the flon around the   l ip   l ead ing  edge 
shif ted so that the -stagnation point _was- inboard of the  leadineedge 
l ine;  hence, the - l i p -  carresponded t o  an  .a i r foi l   operat ing a t  posi t ive 
angles of a t tack. .  Small regions. of bounaary-lakr  sepa-ration may have 
occurred  near the. corners. where the . - l ip -and  body intersect,-  because of 
the strong  adverse  ppessure  gradient  .required  to  reach a stagnation con- 
d i t ion  a t  the  l ip   leadSng.edge. .  Such regions of separated flow w i l l  
increase in. importance as the mass-flow ra$ia -is decreased. Separation 
i n  the corners similar t o  that a t  low -mass-flaw ratek,   f luctuat ing flow, 
o r  the rapid rate of change o f  i t a t ic   p ressure   wi th  mass flow ne-ar 
choking  values  could  accountrfor the pressure.  reversals shown in the  
curves of the- highest mass-flaw ra t ios   in   f igure  12, fo r  exampLe, see 
- = 0.9 and 0.97, f i g .  12(,ej). m 
m, . .  

-m0 

Flows having only one decelerating  region were observed  only  at-the 
lower mass -f low rat foe, < 0.75,. arid a t  a =. Oo appear .   to  have 

resulted i n  boundaryi'layer  separat-loa a t  the ramp center   l ine  ahead o f  
the inlet s t a t ion  (f = 0 . n 5 ) .  Flow ;sk*ration- would. be expected t o  

' . occur first-ffrcnn the upper w a l l  of the dl&er well downstream of the 

mo . .  - 
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c i n l e t ,  a8 was indicated in reference 11 ' for inlets with an appreciable 
boundary layer  entering on one wall.' A gradual. loss of  d i f fuser  effi-  
ciency would therefore  be  expected at the lower  mea-flow rates. The 

where the static. pressure a t   t h e  ramp center   l ine  just *side the   i n l e t  
is seen t o  have decreased a t  2!- 0.23, and then did not recover t o  a s  

great a pressure  ratio as-at  a much higher mass-flow - rate; that is, 

- 
-d existence of such  increased  duct  losses is indicated in  figure X ( c )  

m, 

Operation  of  the model a t  supersonic  speeds  merely  resulted in the  
formation of a strong bow shock  ahead of  the model nose; and in  no 
instance d i d  the  flow accelerate on t h e  ramp ahead of  the  plane of the  . 
inlet to  near  sonic  speeds. The effect  of  operation a t  the  supersonic 
speeds of  these  tests  then  simply is equivalent   to   the inlet being placed 
i n  a subsonic stream corresponding  approximately t o  the downstream Mach 
number of the bow $hock with  the  total   pressure loss equivalent   to  that 
across a normal shock. Movement and change of shape of this bow shock is  
shown i n   t he   s ch l i e ren  photographs of figure 7(b) . The  bow wave ahead of 
the  model nose at M 1.04 is  v is ib le   on ly   a t  = = 0.98. The rela- 
t i v e l y  wide band seen  approaching the qose at this-Mach number and which 
appears on the  rarq . .  at  M, X Log,-% = 0.24 is  the bow  wave s t r ik ing  

%I 

- the viewing windows. 1 . 

* u e s  13, 14, and 15 t o  have resulted in a general  increase in the  pres- 
Operation at   posi t ive  angles  of a t tack-up  t o  loo i s  shown in  f ig-  

". 

sure ra t io s  on the ramp. Such an increase  decrease8 the amount of  
deceleration a t  moderate mass-flow ra t ios   required  to  meet the  entrance 
conditions and increases  the amount of acceleration  near the i n l e t  a t  
high mass-flow ra t io s .  As the angle of a t tack  increased  to  loo, separa- 
t ion  of the boundary layer at the   center   l ine at low mass-flow rates, 
which accurred a t  a = Oo, seems t o  have disappeared  because of the  
reduced maximum veloc i t ies  and possibly because o f  cross flows which 
carried much of the bounaary layer around the  nose. The f l o w  around t h e  
inside of t he   l i p ,  figure 16, became supersonic  for  the  highest test 
mass-flow r a t i o  a t  a loo, even a t  the lowest Mach  number of 0.6. It 
is  not  believed that extensive  separation  followed  this  supersonic bub- 
ble. Inner-lip  studies  to  determine optimum shapes t o  reduce o r  elimi- 
nate such  bubbles a t  high mass-flaw rates are'needed. 

In general, improvements in   the  flow on the body  ahead  of t he   i n l e t  
are possible by reductions in the  local  curvature which would'prevent 
the  hFgh local   veloci t ies   ahead.of   the inlet shown at  a l l  moderate mass- 
flow ra tes  and which, a t  the lower mass-flow rates, resulted in  boundary- 
layer-separation losses at the plane of symmetry., Operation a t  the  pres- 

a t  positive  angles of att8Ck gave favorable flow changes.. . Operation a t  
higher  supersonic  speeds, however,. may cause  serious  adverse  effects. 

- ent law supersonic  speeds c a g e d  no adverse. flow  conditions,' and operation - 



Maximum mass-flow rate .- Maximum obtainable mass-flow rates have 
been plot ted  as  a f'unction" of s t r e a m  ,Mich -number ia f igure 17 It is 
seen that- the  .flow -rates- closely approached t@, one-diplenkional calculated 
values. . . Such a re su l t  is -reaaily acco&k& for  by - % h e .  gm&h of t h e  
boundary layer- along the  approach r&p and i n s i d e  the  inlet t o  t he  ' 

entrance  af the diffuser  at.-about = 0.12. 

. .." . 

L 
Flow around inlet .- Sta]tic  pressure  distdbutTons a t   t h e   c e n t e r  

l i n e  of the autside lip .$eI presented  in figures 18 t o  21 and along  the 
Line  forming the intersect ion of t h e   l i p  and the  body.surface in fig- 
ures 22 t o  25; t h i s  lat ter l i n e  is hereinafter referred t o  as the  - 
"gutter. 'I . .   . .  ." . 

. .  

A t  an  angle of a'ttack of O'.and the  maxim& obtainable mass-flow 
rate, the static pressure  near  the l e a d l a g  edge along t h e  center l ine 
decreased  rapzdly w i t h  stream Mach number and became supersonic between 
Mo = 0.80 :and M, = 0.95. .. - A t  stream Mach numbers of 0.95 and greater,  
except possibly 1.09, this   region o f  supersonic flow appears t o  terminate 
i n  a normal shock (see figs. 18(p) .to.  18(c).. . A t  t he  lowest mass-flow 
rat=- and subsonic &LC% n-ebers  0.f 0.80 end 0.93 the  region o.f super- 
sonic flow also  appears   toterminate  in  a 110-1 shock;  hakever, for 
&, 2 1.0, a single narmal shock  does not-seem possible from the  pressure 
dis t r ibut ions : 

. .  

. . .  
Substantial  decreases a t  maximum mass-flow ra t io s   i n   l oca l   ve loc i -  

ties over the surface  occurred as the  .an l e  of. a t tack  was increased t o  
10' (compare .figs. 18 .to  21). A t  a = D , critical pressures were not  
reached for maximum mass-flow rates forward of -z Z 0.12  over the test- 
range  of Mach numbers;. only  gradual  .flow  accelerations  behind this point- 
to   the   p ressure  reqiuired by the  bady are shown.. mo compression-  shocks 
near the Fnlet existed .for these  high mass-flow rates even for  super- 
sonic test Mach numbers. For .the  'subsonic Mach numbers shown at a RJ IOo, 
a reduction i n  the  masa-fldw rate t0- as low. as"about 0.65 d i d  not r e su l t  
in  supersonic  velocikies on- the  l i p  outside. However, f o r .  u w 4-0, 
m0 
i n  f igure 7( c)  . For . M, = 1.00, no' compression  can be .seen in   *his  fig- 
ure   for  = 0.93 but  -a small t a i l  shows at = 0.61. A t -  % = 1.04, 
a normal shock T&m thr- lip . is  disible.. for- the 'highest mass.-flow rate- 
but none i s  seen for. .- =- 0.76 o r  0.55. These  hhotogmphs  apparently 
substant ia te  the conclusion that at the,  .supersonic test Mach numbers.  and 
the  lowest mass--flow rates- recompression seems t o  .&ve occurred  without 
a strong shock,  but that at- .kubsonic   s~ream~~Veloci t ies  and low mass.-flow 
rates the supersonic  region terminated i n  a normal.shock-. 

8 
L , .  

. " . . . . ". 
. .  . .  . 

= 0:60 and- a t  . M, = 0.93, a strong lambda shock is shown on the  l i p  

m . . -  
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f o r  a = Oo. The flow .&long .the.  approach ramp controi led  the presswee 
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fo- of about = 0.06; behind this  point  the  pressures on the  l i p  

leading edge fo r  l o w  and high mass-flow rat ios   control led  the ramp 
pressures. The compression shocks  indicated a t   t he   cen te r  line on the  
outside of  the l i p  a t  low mass-flow ra t ios   for   the  Subsonic flow cases 
appear from this figure t o  have eeended aroupd the   en t i re   l ip   pzr iphery .  
A t  the  kiighest angle o f  attack, it is  seen that substantial  reductions 
in l oca l  Mach numbers a t  high mass-flaw rates did  .not  occur  behind the 
l i p  leading edge (that is, 0.10 1; a result opposite t o  t h a t  found 
f o r   t h e   l i p   c e n t e r   l i n e .  In fact, comparison of  f igure 22 with figure 25 
shows that an  increase in the maximum loca l  Mach number has occurred a t  
the  high mass-flow ra t io s .  . This increase was caused  by an  increase in 
the  angle  of  at tack-of  the end sections ana the unfavorable  effects of 
the lip-fuselage  junction. 

The conclusion from these data is that t h e   l i p  was not well-alined 
with the flow f ie ld   o f  khe 'body  by  perhaps loo. One way t o  design  the 
scoop l i p  would be to  calculate  the  streamline  pattern o f  the  body and 
t o   a l a e   t h e   l i p  w i t h  t h i s  flow. A t  the- end sections allowance  should 
be made f o r  the adverse  angle-of-attqck and fuselage-juncture  effects. 

Flow  on top of body.- Pressures  along  the top- of the  model a t  the  
plane o f  symmetry for the maximum mass rate o f   a i r  flow a re  shown for  

ation  occurred on the forward portions  than on the  basic body (compare 
with  .fig. 8) and. was followed  by a small compressLon. This compression 
occurs in  the  region of reduced body curvature  brought  about  by  applying 
the  basic body ordinates   to   the S-curved center line employed t o  raise 
the  nose 0.8 inch ' ( see   f ig .  4).  Cri t ical   pressures  were reached f o r  
about  the same stream Mach number and  changes with  angle of a t tack  were 
similar i n  magnitude to   the   bas ic  body. Comparison of the  flow  over  the 
af terbody  for   e i ther   high  or  low mass-flow ratios,   f igure  26(a),   with 
that for   the  basic  body without t a i l  cone, figure 8 (  c ) ,  shows that most 
of   the  effect  of in te rna l  flow is -felt only on the .   rear  10 percent  of 
t he  body length,. A- s.&milar result was shown in reference 12. In general 
the  effect  of  the   In te rna l  flow was t o  raise the pressures on the af t e r -  
body and thereby  reduce the external  drag. 

0 t he  four tes t   angles   of   a t tack in figure 26. A more rapid flow Wceler- 

- * 

Pressure  recovery.- The var ia t ion of mass-flow-weighted t o t a l -  
gressure  ra t io  at the  end-of   the 2.2/1 area-ratio  -diffuser, as a function 
of mass-flow r a t i o  a t  an  angle  of  attack o f  Oo, is presented in figure 27. 
The maximum recovery is indicated  to  be greater  than 99 percent  for a l l  
Mach numbers and occurs  near - = 0.55. A s  the plass-flow rate w a s  

decreased,  the  recovery remained above 98 percent down t o  - = 0.30 

for all test  Mach numbers. A t  the  high mass-flow .rates,  t o  wfthin  about 
5 percent o f  the maximum obtainable flow ra te ,   the-   total   pressure 
decreased  slowly  but remained -above 0.9%. Th.is gradual decrease is 

m 
m0 m 

mrr - 
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simply the usual f r i c t i o n a l  loskes and can be adeguately  predicted  by 
methods such as those of -reference 13. 

Angle-ofettack performance is.shown i n  figure 28 where the pressure 
recovery is  plotted agai$st-mass-flow raho '?for   four   angles  of a t tack  and 
i s  shown for   s ix   representatfm- stream Msch numbers, The total-pressure- 
ratio  behavior  above 2- w 0.5 was unaffected  by  angle  oFattack for all 
Mach numbers. - Below this Value, % h e  recovery increases s l igh t ly   wi th  
angle.  of a t tack  unti-1, a t  100, the curve is flat from t.he minimum flow 
rate upwards. The flatness  of.   this  curve.  for . a $ IOo ..is similar t o  
that for   an open nose  inlet-at.OO; whereas, the slight decrease a t  ldw 
angles is' associated with the bouhdary-.layer-  sepamlfion on the  ramp pre- 
viously diSCUS6ed. The abrupt  decrease i n  recovery  for a l l  ang le s .o f .  
at tack  near the maximum flow rate. is gene.qlly-characteristic of stag-. 
nation .eypes of  inletwithout  internal  separgtion-ahead of the m i n i m u m  
area.  

, mo.. 

The rate of static-p%ssure change . w i t h  mass-flow r a t i o  is shown Fn 
figure 29 f o r  a = Oo and in figure 30 for the four angles  of  attack. 
The r e l a t ive  performeace  of t he  difftiser, as it i s  affected by angle -of . 
attack, is shown -Fn figure 31 i n  which the -diffuser  loss &/q1 .has been 
plotted a s  a functlofl of ikss-fiow. r a t i o .  The curves show that there 
could not have been any  appreciable  separation  .within  the  diffuser ab& 

m, 
which occurred' at- a..= Oo ..was apprecisbly  reduced when the angle was 
increased t o  loo1 

= 0.55 .at  e i~her - .angle-  of .attack and that below t h i s  .value  separation 

Internal  performance also is indicated by the mass-flow and impac-t;- 
pressure  ratio  contours a t  the diffuser meas!-rement s ta t ion  shown in  . .. 

figures 32 &ad 33.: Eor.-fh& lowest &~gs-flow -rate. . t h e .  8.1~~11 dzfferences 
i n  the total-  and..sta%ic-preisure &be .readings  precluded  construction 
of  accurate mass-flow con+ours; however, the contours  of  impact-pressure 
r a t i o  shown give an  adequate  pfcture of the flow. A t . t h e  intermediate 
and high mass-flbw rates shown, i m p a i t  pressure as  well & 8  the mass flow 

, i s  great-er i n  t h e  two lower- pasbages, which was expecixd  because of t he  
i n t e r n a l d u c t  design.  In  general, no important  regions offlow distor.- 
t i o n  are shown. - . . . . . . . . " . . . . . - . . 

. .. . .  

Drag.- The. definition.  o.f-external drag f o r  %he- inlet body is analo- 
gous t o  that- f o r  the sol id  body; it consists o f a l l  pressure and .viscous 
forces .on the external body surfaice'and the e n t e r h g  stream-tube  surface 
except  those which are comion to   bo th . sur faces .  . The br9akdown of .  drag 
into internal and external   forces  has been .d iscksed  in references 1 4  
and 15. The concept  of.scoop  incremental  drag was introduced in  refer- 
ence 16, wherein it was she* that algebraic subtraction.  of the scoop 
incremental  drag *om the e.xternal'drag  yields- the sum of all pressure . 
and viscous  forces or".a11 body surfaces  including  those washed by the 
entering  flow. 
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The variation o f .  external-drag  coefficielit as a runction  of mass- 
flow r a t i o  is shown i n  figure 34; base- and internal-force  coefficients 
are  presented  in-  f igures.  35 and 36, respectively. For a = Oo the  
flageed symbols indicate  reprocucibil i ty of  the  data.  Comparison of 
figure 34 with  f igure 9 shows that the minimum arag  for  a = Oo, which 
occurred a t   t h e  maximum flow rate, was approximately  the same as that 
f o r  the  basic body f o r  all tes t"ach  numbers. It is therefore concluded 
that t h e   l i p  misallnement  indicated i n - a  previous  section has not 
adversely  affect-ed  the  external  drag a t  high mass-fJow ra t io s .  

The external-dkag-coefficzent increase  associated  with mass-flow 
decrease has been"p1otted i n  figure 37 and compared-with  scoop  incre- 
mental  drag  coefficient  c%lculated fr.om one-d$mensid;n&l considerations 
using the  Inlet area defined by, the  stagnation line .at  the  leading  edge. 
The difference 'between the two curves when decreased by the  pressure 
drag o f  the washed surface  represents  approximately  the  suction  force , 

developed on the   i n l e t  lip and is a t   l eas t   conserva t ive .  The r e s t  of 
the  calculated  incrementalrdra-g  coefficFent  represents a measure of tlie 
inabi l i ty ,   in  a real f lu id ,  of the scoop l i p   t o   r e a l i z e  the low s t a t i c  
pressures  required, of the .cmhge i n  pressure de@; caused  by the  jet  
'exi t ,  and the changes in viscous  drag on the  entire.body. 

Isolation  oy-the  effects of  t he  f.low into t he   i n l e t  on the  external- 
drag  coefficients  obtained i n  most  model investigations are subjec t   to  
two sources of  diff icul ty:  first', the  model exi t   area is much too  large 
to  represent a pract ical   a i rplane  instal la t ion,  and,  second, t he  after- 
body surface  pressures change as a re su l t  OF cut t ing   o f f   the  basic body 
and passing a i r  through .it. To give  an  indication of the magnitude  of 
these  effects,  afterbody pi-essure-dr%g coefficients fiave been plotted 
in   f igure 38 f o r ,  :a = O? tbrough  the Mach- number ra-&e fo r  the basic 
body, basic body. without tai l .  cone, i n l e t  body a t  l& mass-flow rate, 
and in le t -body  a t   h igh  mass-flow rate. The curves.at  supersonic Mach 
numbers a r e  shown dashed-because  of  the unhown e f f E f s  of  the  w a l l -  
reflected  disturbances fn thi8  range. The drag increase which resu l t s  
from removing the  t a i l  cone (compre  with  f ig.  g(b) 1 is nearly that of 
the  pressure  drag  of  the . t a i l  cone alone;  passing a- through  the model 
resulted Fn only small decreases i n  the  pressure dkag.  Larger i n l e t s  
and correspondingly  greater mass fldws o r  smaller exi t -s   for   the same 
mass flows would probably  give rise to   l a rge r  changes the  afterbodx 
pressure  drags  than  observed  in  the  present tests; therefore, dependence 
of  the  external  pressure  drag on the  afterbody  shape"cannot be neglected. 

Less extensive  data were obtained at ,angles of a t tack, . f igure 34. 
Because of t he   f a i lu re  of. the  base pressure tube a t  an  angle  of  attack 
o f  approximately To and 100, the  corrections  for a = Oo were applied, 
figure 35;" No serious  error  should  -result   shce  the  base  pressure would 
be expected -to-- be-. essent ia l ly  independent OT angle 0-f at tack.  The trend 
is  the same as was noted for a' = 'Oo .and again  the  -general conclusion 



is reached that the.minimum external drag is about  equal  tc-that-.for 
the  bas.ic body. . . . i  . 

. . . .  i . 

L i f t  and pitching moment .- Subjec t   to  the wifd-tunnel wall e f f ec t s ,  
cer ta in   t rends may be established  concerning lift and pitching moments of 
the  scoop model. External lift and external pi tching moment include-all 
e f f ec t s  of  pressure and viscous  forces on the external  body surface and 
the  enter ing stream"bube  surfac'e., except thQee  .which are common t o  both 
surfaces.  L i f t  and-pitching-moment  contributions which r e su l t  from 
induction  of a i r  in to  a fuselage  opemting in a subsonic and low super- 
sonic a i r  stream cannot r ead i ly  be sewrated i n  a manner similar t o   t h e  
drag  forces; that is, those  act ing on the  entering  stream  tube and those 
ac t ing  on the  body surface.  

External lift coefficient  has been p lo t ted  as a f'unction o f  mass 
flow in figure '39. .From. a. colirparisos  :of the  . l i f t  on the .scoop model .with 
that measured on . the .bas ic  body, f igure g ( a ) ,  a t  corresponding  angles 
o f  a t tack  .and Mach numbers, f-tappears that the l i f t  coeff ic ient  ;of the 
ducted body decreases t o  about the value  for t h a t o f  the  baeic body at 
zero mass flow.  Furthermore, the  slope of the lift curve  increases  with 
angle .of a t tack .  

I 

Variation of external   p i tching moment for t he  underslung scoop i s  
shown i n   f i g u r e  4-0 as a function  of mass-flaw ra t io .   Rela t ive ly   l a rge  
changes i n  mass-f low rate a% shown "a have resulted i n  only  s l ight  changes 
i n  pitching-moment coefficient,  a reaul t .  which is considered somewhat BUT- 
p r i s i n g   i n  view gf .the .variation 0.f lift a.nd drag  with  mss-flow  ratio. 
In   addi t ion .   the   c~r igeS.  LiY the  loading-brought -about-by change.s in   angle  .- 

o f  a t tack  have resulted  in  relatively  unimportant changes in   pi tching 
moment if compared with the pitching moment of   the  basic  body. 

Comparison of  performance of scoop model. wi th  nose i n l e t  .- For the  
comprison of the. .over-all  performance of eeveral   inlet   configurations,  
both the ex te rna ld rag  and internal-pressure  recovery must be considered. 
Comparison of the. exte-1-drag coefficient-s a t  a .high naass-flow r a t i o  
($ w 0.8), the change  .in. e x k p l - d r a g   c o e f f i c i e r i t - w i t h  mass-flow r a t i o ,  
and <he.pressure  recovery of the scoop-type  fuselage  inlet of the  present 
invest igat ion  with  that   for  an NACA 1-40-200 and an NACA 1-40-400 nose 
in l e t   t e s t ed  in the Langley 8-mt transonic  tunnel on a similar a f t e r -  
body, reference 15,. a r e  shown in figures.  419- 42(a), and 43, respectively.  
Both of  these  nose  inlets have approximately  the same i n l e t  area as the 
scoop  model.  Included i n  figure- 42 are-additional  drag  -increment data 
.for  an MACA 1-5Q-200 (ref. 15)- and an NACiY 1-86-100 nose i n l e t  w i t h  cen- 
t r a l  body (from  unpublished d a - b  ixken- in hnll;Iey  8-foot  transonic tun- 
nel )  . 

The external  drag of'the scoop configuration,.f igure 41, is markedly 
lower than  the MCA 1-40-400 nose T n l e t a t  a l l  subsonic Mach numbers. 

.. . 
.- 

. -  

.. - . .  

.. . 
. .  

.. 
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Lack of data at  the  lowest  MEbch nuniber for  %he  1-40-200  inlet  prevents 

nose  inlet shown, no further  drag  reduction  would  be  expected and the 
scoop and the NACA 1-40-200 inlet may be  said to have  about  the same 
suhcritical  drag. The supercritical'drag  rise of the NACA 1-40-200 
inlet  occurs  at a lower  Mach  nuniber  than  the  underslung  scoop,  and  at a 
much  more  rapid  rate than the HACA 1-40-400 M e t .  At  the  highest  test 

. Mach  nuniber  the  external drag of  the .scoop inlet  &-the NACA 1-40-400 
nose  inlet  are  about  the same. Theae  results  indicate  that up to 
M, = 1.1 the  scoop  inlet was at  least  aa good dragwise at  high mass- 
flow  ratios  as  the W C A  1-series  nose " t s  of.comparable  inlet  area. 

6 .  adequate  comparison;  however,  if  the  curve  trend  is similar to the  other 

9 

A comparison  of  the  external-drag  inqrements, eich result from 
operation at mass-flow ratios  less than the maxbuui, is  shown . i n  fig- 
ure  42(a)  for  four M e t  configurations.  The minim-& area  of  the  under- 
slung scoop and the NACA 1-40-400 nose  inlet  are  approximately  the same, 
whereas  that  for the NACA 1-80-100 with an 0.47D elliptical  central  body 
lies  between  that  for  the HACA 1-40-400 and  the NACA 1-50-200 open-nose 
inlets.  It  is shown that  the  external-drag-coeff  icient  Increment  for 
both  the nose. inlets  varies  approximately linearly throughout  the ms8- 
f l o w  range and amounted to only 0.02 at 3L = 0.4 and M, z 1.1. How- 
ever, f o r  both  the  underslung  scoop and the nose inlet wi-n central  body, 
important  drag-coefficient  increments in excess  of  that for the two open- 
nose  inlets  are  indicated  to  have  occurred  (that  is,  CD, - c  x 0.06; 

- = 0.4; Mo w 1.11.- mo 

mo 

m Demin 

The  principal  causes  for  the  failure of the  scoqp-type  inlet . t o  ' 

achieve as  small external-drag-coefficient  increments  at  reduced mass- 
flow ratios  as  the  open-nose  inlet  can  be  found  by  consideration  of  the 
momentum  theorem. A three-dimensional  control  sukface fs selected  which 
consists  'df  the  boundaries A, C, and E in figure 42(b). Lt may then 
be  shown  that  the  force  obtained  by  integration of the  preseures along 
the  stream  tube mst, in an inviscid  fluid,  be equal and opposite in 
sign to the sum of  the-pressure  forces on the  lip a+ body. 

A second  control  surface  is  selected  which  consists of the  bounda- 
ries A, B, F, and G in  figure  .42(b).  The  change in total mnentum of 
the  entering flow f r o m  the  free.  stream to the  face of the  inlet will be 
the same for any t w o  inlets which have the same inlet area and  which 
operate  at  the same mass-flow  ratio-.  The  difference  between  the  force 
on the.streqn  tube  surface, and hence  the  body suction force, of a scoop - 

inlet and a nose  inlet  is  consequently  equal to the  force on the  surface 
ahead  of  the  scoop  inlet  which is wwhed by the entering flow. Since. 
the  washed  surface  does not constitute a closed body, a drag force w t  

the  body  suction  force  for a scoop  inlet  would  be  required to exceed  that 
for  the  comparable  open-nose Met.. An exception  foF  which  the body 

- be  experienced  by  this  surface,  even in aa inviscid  fluid;  hence, t h e  

e v 
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suct ion  force  required  eqimls . that-for- the nose inlet is that i n  which 
the scoop is located on a semi-infinite  surface, or for  the p rac t i ca l  
case   in  which the scoop i s  located far back on a ncmexpanding body. 

Most of the body suction  fbrce .would be expected to be carr ied by 
the inlet  l i p   i t s e l f ;   t he re fo re ,  i f  the inlet- l ip   pr-of i les  are ident ical ,  
lower local:   .static presshes. &e required for the scoop than for.-the . . 

open-ms.e i n l e t . .  Furthermore,-for the assurged l i p  contours, the pro- .  
jected  fkontal. area of- the l i p  for  the scoop inlee .is usually much less 
than f o r  the open-nose inlet; henceT-- the  local   s ta t ic  pressures must be 
further decreased on the scoop. These lower required static pressures 
result-immediately  in much more severe  viscous  effects on the outside of - -  
the scoop than  for f.he -open-nose inlet. . It would be expected,  therefore, 
that the external  drag for   the scoop inlet . w i l l  be greater than for the 
open-nose inlet.. ..Furthermre., . because the washed area for   the open-nose 
inlet, wTth central  body is  corrstant-for. a l l .  mass-flow ratios, the   exter-  
nal drag f b r  this confi@;uyation may be expected t o  be  greater-  than  for 
the scoop inlet. -TI& experimental results shown i n  figure 42(a) are ln 
agreement w i t h  the .qualitative  results  obtained *OM the momentum 
theorem. 

The internal- iota1  pressure  recovery after -diff'usion at- a = 00 
. .  

and fo r  . 7 0.6 -.is prac t ica l ly  the s& f o r -  all the inlets shown i n  
figure 43. The loss in recovery f e l t  by the nose inlets for a = 10' 
resul ted from extensive flow separation on the lower portion of the duct 
which..is presumed t o  have occurred a t  the , l i p   f a i r . i ng .  No s ignif icant  
amount --of  sepe2FtioL  occurred . i n  the scoop; inlet.\ These data, together 
with the external-drag data, show - that  the- performance of the  underslung 
scoop~w~$8-ae goad aa.. f o r  the open-nose inlet  a t  medium and .high mss-flow 
r a t i o s  a t  zero angle. of attack. 

mo . . .  

. .  
. .  
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Results  of an investigation at Mach numbers from about 0.6 t o  1.1 
i n  the Langley 8-foot  transonic tunnel of..& basic body wd a forward- 
located  underslung sco.op model having an inlet area of  17.3 percent of 
the -.body frontal area  indicate the following: 

- . .  
. . -  

. .. 

" - - .. - - . .  

1. A t  an .angle ,of .a t tack  o f  zero and a mass-flow r a t i o  of 0.8, the. 
. -r 

external-drag  coefficients  and-pressire  recoveries of the underslung 
scoop were approximstely equal ko those for an IUACA nose. inlet of 6.d- . .: .... ., -. - 
lar s i z e .  Total pree-sure recovery at an  angle o s t t a c k  of 100 was 
higher  for. the scoop model than  for the nose Fnle,t. 

. . " . . . ..- - 

. .. - . . .. 

.. . 
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i 2. The external .drag  increased  mch more rapidly w i t h  decreasing 
mass-flow ra t io   than   for  an open-nose inlet; the difference in the   e f fec t  
of  mass flow on external  drag was explained  by momentum considerations. 

3. External-drag  coefficients  for  the highest.mass-flow rates were 
approximately  equal t o  those  for the basic  body fo r  angles of a t tack  up 
t o  loo.. Misalinement af '  the inlet lip,.  indicated  -by  presswe distribu- 
t ions,  did not  adversely  affect  the external  drag a t  high mass-flow 
ra t io s .  -. , 

4. &ximum test  mass-flow r a t i o s  were in good agreement w i t h  those 
calculated f o r  one-dimensional flow. 

5. From mass-flow r a t i o s  ranging from about 0.3 to   within 5 percent 
of the maximum, total pressure ratios a t  the  end o f  a 2.2/1 area-ratio 
diffuser i n  excess of g" percent w e r e  realized;  operation a t  angles of 
a t tack  resulted i n  no Easurable  chmges a t  high mass-flow-ratios  but a 
slight increase a t  the low9st mas.s-flar rates. 

6 .  Operation a t  posi t ive angles of a t t ack   r e su l t ed   i n  flow Improve- 
ments on'both the rRmp and lower ou t s ide . l i p .  A t  low mass-flow rates, 
separation of, the boupdary layer"ahead of the i n l e t ,  which occurred  for 
an  angle  of  attack of  00, was eliminated a t  an ang1.e of a t t ack  of loo. 
A t  high mass-flow rates, sonic  velocit ies yere not reached ahead bf the 
in l e t   fo r  anji test Mach  nuniber a t  an angle of a t tack  of  lp. 

Langley Aeronautical  Laboratory, - .. 

National Advisory C o d t t e e  for  Aeronautics, 
Langley F i e l d - V a . .  
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TABLE 11.- UNDERSLUNG SCOOP FOREEODY DESIGN COORDINATES 
8 

i 
-t*, in, 

25 
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TABLE III 

MEASURED LOCATIONS OF SURFACE ORIFICES ON BASIC MODEL 

r 
t e = oo 

x, in. 

e - 4S0 
1.98 
4-00 
5-99 
7-99 
10.00 
11 -99 
13 *99 
16 -00 
18.00 
20.00 
22 0 0 0  

2L.00 
25.99 
28 -00 30.00 

T 

" 

L 

e - 900 8 * 180" 

II, 
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TABLE IV 

MBBSJIED LOCATIONS OF SURFACE ORIE'ICES ON SCOOP FOREBODT 

0 
3 -99 
8 -00 
n.99 
u.01 
20 .oo 
23 -99 
28.00 
30.50 

-I- 

" 

x, *in. 

Gutter 

%d of NACA 1-series cowl ordinates 

c 

" 

Lip, inside Lip, outsid. 3 



Diffuser-eniinnce nose "-, "4 

Figure 1.- General arrangement of inlet  model momtea in the Langley 
$-foot iransonic tunnel. ; 
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( a )  S o l i d  nose .on force afterbody. 

Figure 2. - Basic body and inlet- made1 mounted In tunnel. 
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X * 32.00" 

(a) Solid nose on the pressure afterbody. 

Figure 3 . -  Forebodies and afterbodies used In the investigation. 
( A l l  dlmenaiom in hches .  ) 
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i-.,-. BOUNDARY LAYER 
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CONTROL Y C T  EXIT 
DAM. :. (PROVIDED FOR'UTER TEST] . .  

X-1800" ' 1 .  

(b) Underslung scoop on the force afierbody. ' T  
Figure 3.-  C o n p m d .  L-77033 
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,"Sting fairing  clearunce 

I -Conical tail fairing 
"" Tail  fairing 
"""" """-" 
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I""" 

""C"" 

(c) Force-rnodel t a i l  fairing. 

Figure 3.  - Gontinued. 
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. . . . . . . . 

(d )  Photagraph o r s o l i d  n0s.e .and. underslung scoop. 

Figure 3. - Concluded. 
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.c- 4.80 - - . I t  
Nose cros6-sectlon.  clrcular in shape from x=O to x 4 7 3  
From r.373 to ~ 4 . 6 0 ,  top half is'clrculor, bottom half is , 

tax' sales I, (ret I) 

.elllptlcoL X'13.42 
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Inlel dimsnslons 

(a) In le t  and lip dimensions. . ( A l l  dimemiom in bchea. ) 

Figure 4.- Details of underslung scoop. 
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2 .3 .4 
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.5 
Longitudinal station, x/L 

ypzJ7- 

(b) Vaxiation of interim1 ducting area -in scoop forebody. 
A 1  = 8.70 .square inches. -. 

Figure 4. - Concluded. 
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(a) Ex l t  rakes on force afterbody. 

Figure 5 . -  Flow rneaeurement rakes. 
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(b) Preasure-r.ecovery r i b s  on pressme.' afterbody. 

Figure 5.- Continued. .. 



( c )  Pressure-recovery  rakes on force afterbody. 

Figure 5.- Concluded, 
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Figure 6.- Reynolds number variation per foot lineal dimension in the 
Langley 6-foot transonic tunnel. 
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M, = t.05 

M, -1.07 

M, 1.09 

41 

(a) Basic body, a = 0'. w 
L-77034 

Figure 7.- Schlieren photographs of basic body and imderslung scoop. 
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m / ~ = 0 . 4 3  
M, .L I .04 - 

..... -. ............... - ." .......... 

(b) Underslung scoop, 

. . .  . .  

m /m, =0.83 
M *  ::: 1.09 

Figure 7. - Continued. - 
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"1; 
.... 

-0.60 
----M, : I .04 
,rn/rrh=!3.55 

.. 

m/r%=0.76 
M, -C I .04 

t 

. .  . . . . . . . . .  

." ....... . . . . .  . .  

Im/m =0.96 
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Figure 10. - Comxrison of l i f t  "and pitching moment, .p lot ted against Mach 
number for  four an@;les of attack; basic body with and without t a i l  
cone. Flaggea. gymbole show t a i l  cone removed. " . 
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Figure 12.- Static-pressure  distribution6 along center   l ine of approach 
ramp and inner w a l l  of-diffuser   for   several  Mach numbers and a range 
of mass-flow rates. a = oO. 
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Figure 22. - Continued. 
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Figure 26.- Comparison of static-pressure d is t r ibu t ions  along t o p  of model; 
maximum m e - f l o w  rate, - 



1H mACA RM L 5 m 7  - 81 

1-oc 

.96 

.92 

.88 

.84 

.8 0 

E 
o .76 

a 

.72 

.68 ; 
z- .64 

.6 0 

.52 

-48 

.44 

-40 

.. . 

b 
L . . . - .  f -  

t 

0 .I .2 .3 :4 .5 1.0 1.1 
Lcngitudinal statim, x / L  

(b) a. M kO. 

- Figure 26. - Continued. 

Ir, 



82 

1.00 

e9 6 

.92 

.88 

.a4 

.80 

.76 

s 0 

.72 

.68 

g 
&5 .64 

.60 

.56 

-52 

.48 

.4 4 

cw mCA RM L 5 U a 7  



mCA RM L5zKl7 yry 

(dl a w loo. 

Figure 26. - Concluded. - 



- NACA RM wm7 
. .  

I ,o 

0 9  
31: 

I .v 

.9 
" 

" 

18 
0 .2 .4 .6 .8 I -0 1.2 

Mass-flow ratio, m /m, 

Figure 27. - Comparison of mass-flaw-weighted average t o t a l  preseure 
. recovery a t  d i f f u s e r  measuring s t a t i o n  plotted  against m ~ e - f l o w  
ratio f o r  severa l   t es t  Mach numbers. a = 0'. 

" 

" t  



. 0 '2 A .6 .8 I .o 1.2 
Mass-Row ratio, m /m0 

Figure 27. - Concluded. 



a6 HACA RM L52K17 

0 .2 .4 .6 .8 I .o 1.2 
Moss-flow rotio, m /mo 
(a) Mo = 0.60, 0.80, and 0.93. n- . 

F i g w e  -2.8. - Cornpar-ison of average total pressure r a t i o  at d i f f u s e r  
measuring s ta t ion  mass-:low ratio far four. test- angles of  attack. 

ea - 



NACA REQ L52Iu7 - 
I 
\ 

0 

I .o 

,9 

.8 

.7 

IS 
CIJ 

L 
0 .- + e 
E! 
3 
u) 
v1 ; - 
0 
0 
t 

t 

I .o 

.9 

.a 

.7 

I .o 

.9 

.8 

.7 
0 .2 .4 .6 .8 I .o I. 2 

Mass-flow ratio, m /m, 

(b) ?40 = 1.00; Mo w 1.04 and 1.09.- 

Figure 28. - Concluded. 



1.0 1.2 
Mass-flow rotio, m/m, 

0 .2 A .6 .8 1.0 1.2 
Mass-flow raflo, m./m, 

Figure 29. - Variation of average static-pressure  recovery ratio at 
difPuser.measurement station with mass-flow ratio fox several Mach : , 

nmbers. ' a =I 0 . 
. .  

0 

. .  : .  : 



12H mCA RM L52Kl7 - 
1.0 

.9 

.8 

1.0 
h 
B 
So 
\ 

Q 
ol .9 

Y 

& 1.0 

k 
e al 

.9 

.? 

' 6  
0 ;2 '.4 .6 .8 1.0 1-2 

Mass-fIo w ratio, m/m, 

(a)  M, = 0.60, 0.80, and 0.95.- . 
F i w e  30. - Comparison of, average  etatic-pressure ratios at end of 

I diffuser for four test angles of attack. 



1.0 

. 9  

.8 

.7 

.6 

I .o 
0 

P 
v .9 
N 

- - .  
" 

- 

.. 

v 

. . ., 

. " 

. -  

" 

. .  
. .  
-E 

. .  

. 

0 .2 .4 .6 .8 1.0 1.2 
Moss-flow ratio, m/m, 

(b) M, = 1.00; M, w 1.04 and 1.09. 

Figure 30. - Concluded. 

. " 

" 



Figure 

I . 

-31. - Effect of rimes f low and angle -of a t t a c k  on internal duct 
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